We present a new distance determination to the Galactic globular cluster 47 Tucanae by fitting the spectral energy distributions of its white dwarfs to pure hydrogen atmosphere white dwarf models. Our photometric dataset is obtained from a 121 orbit Hubble Space Telescope program using the Wide Field Camera 3 UVIS/IR channels, capturing F390W, F606W, F110W, and F160W images. These images cover more than 60 arcmin 2 and extend over a radial range of 5 − 13.7 arcmin (6.5 − 17.9 pc) within the globular cluster. Using a likelihood analysis, we obtain a best fitting unreddened distance modulus of (m -M) o = 13.36 ± 0.02 ± 0.06 corresponding to a distance of 4.70 ± 0.04 ± 0.13 kpc, where the first error is random and the second is systematic. We also search the white dwarf photometry for infrared excess in the F160W filter, indicative of debris disks or low mass companions, and find no convincing cases within our sample.
1. INTRODUCTION Many astrophysical analyses involving globular clusters rely on well determined metallicity, reddening, and distance measurements. In particular, the estimated ages of Galactic globular clusters can depend heavily on these assumed quantities, so their careful determination is necessarily important. Ages of Galactic globular clusters can place strong constraints on the epoch of formation of our Galaxy, identify when cluster formation occurred with respect to the era of reionization in the Universe and the cosmic star formation peak, constrain the formation history of the Galaxy by dating the halo and bulge, as well as constrain Ω M (Gratton et al. 2003 ) when coupled with measurements of H o by WMAP (Spergel et al. 2003 ) and the HST Key Project (Freedman et al. 2001) . Most of the Galactic globular clusters have ages between 9-14 Gyr (e.g. Marín-Franch et al. 2009; Dotter et al. 2010) , with most absolute ages commonly determined by fitting theoretical isochrones to the main sequence turnoff. This, however, depends strongly on the assumed distance modulus to the cluster, which is the most significant contributor to the age uncertainty (Bolte & Hogan 1995) . Although less sensitive to distance, even the more recently employed age dating technique via the white dwarf cooling sequence (Hansen et al. 2004 (Hansen et al. , 2007 ) requires a precise distance modulus.
The Galactic globular cluster 47 Tucanae (47 Tuc, NGC 104) is considered the metal-rich proto-type for globular cluster work ([Fe/H] = −0.74 ± 0.003 ± 0.026, Carretta et al. 2009 ). As the closest and least reddened metal-rich globular cluster, 47 Tuc serves as an important science, as well as a calibration target, for the Hubble Space Telescope (HST). It is used as a metalrich anchor when comparing observations of resolved stars in nearby galaxies to stellar evolutionary models (Cassisi & Salaris 1997; Zoccali et al. 1999; Ferraro et al. 1999; Di Cecco et al. 2010 ) and in examining the star formation history of galaxies in the Local Group (e.g. Monelli et al. 2010) . As another example, the Wide Field Camera 3 (WFC3) Galactic Bulge Treasury program (GO-11664) has targeted 47 Tuc in their resolved stellar population study (Brown et al. 2009 ). With these observations, ranging from the UV to near-IR, 47 Tuc will serve as an empirical population template, helping to calibrate the reddening-free indices and correcting the transformation of theoretical isochrone libraries into the WFC3 photometric system.
With relatively well measured values of metallicity and reddening (E(B -V) = 0.04 ± 0.02, Salaris et al. 2007; Harris 2010) , the distance becomes the crucial input parameter to determine the age of 47 Tuc. A considerable effort has gone into determining the distance to this cluster. We list recent work in Table 1. There has been quite a variety of methodologies used to determine the distance of this cluster, including main sequence fitting (Hesser et al. 1987; Gratton et al. 1997; Reid 1998; Carretta et al. 2000; Grundahl et al. 2002; Percival et al. 2002; Gratton et al. 2003; Bergbusch & Stetson 2009) , the tip of the red giant branch (Ferraro et al. 2000; Bono et al. 2008) , horizontal branch fitting (Hesser et al. 1987; Kaluzny et al. 1998; Salaris & Weiss 1998; Ferraro et al. 1999; Salaris et al. 2007 ), RR Lyrae (Storm et al. 1994; Bono et al. 2008) , cluster stellar kinematics (McLaughlin et al. 2006) , eclipsing binaries (Kaluzny et al. 2007; Thompson et al. 2010) , and white dwarf (WD) cooling sequence fitting (Zoccali et al. 2001 ). This set of measurements spans unreddened distance moduli between 13.02 − 13.57 for 47 Tuc which has important implications for the derived age. Examining only the main sequence turnoff luminosity for a cluster at the extremes in distance moduli, this yields a difference in age of ∼ 6 Gyr 11 , altering any inferred history of the formation of the Milky Way that one might derive from 47 Tuc.
Our goal is to determine the distance to 47 Tuc following the example of Zoccali et al. (2001) by using the cluster's WD population. Zoccali et al. (2001) constructed a WD sequence using local calibrators with measured trigonometric parallaxes and magnitudes to com-pare with the WD cooling sequence of 47 Tuc, yielding an unreddened distance modulus of (m -M) o = 13.15 ± 0.14 (see Table 1 ). Here, rather than use local calibrators, we determine the distance by comparing our measured photometry to the hydrogen atmosphere (DA) WD models of Tremblay et al. (2011) and the helium atmosphere (DB) models of Bergeron et al. (2011) . Previous spectroscopic studies have found solely DA WDs in globular clusters within the temperature range of our sample, including the globular clusters M4 ), NGC 6752 and NGC 6397 (Moehler et al. 2004) , as well as in the open cluster NGC 2099 (Kalirai et al. 2005) . While this has not been tested in 47 Tuc to date, we make the assumption that our sample consists of DA WDs, but we also compare our results to that obtained considering DB models and a mixture of DA and DB WDs.
WDs within globular clusters are faint objects in crowded fields, making their identification quite challenging. However, with carefully planned observations with the HST, combined with thorough data reduction and analysis, it becomes possible to obtain high quality multi-band photometry of WDs in large samples within one cluster system (see the recent observations of WDs in M4 and NGC 6397 from Richer et al. 2002; Hansen et al. 2002 Hansen et al. , 2007 Richer et al. 2008 ).
2. DATASET We obtained HST images of the Galactic globular cluster 47 Tuc in cycle 17 (GO-11677, PI -H. Richer) with the Advanced Camera for Surveys (ACS) and the WFC3. The primary field of this program was imaged with the ACS/WFC in F606W and F814W filters for 121 orbits.
Additional fields were taken with the WFC3 using both the UVIS and IR channels. Our observational design and reduction are discussed in detail in Kalirai et al. (2011) , here we briefly review the WFC3 dataset used in the present analysis. With the WFC3, we obtained 121 orbits covering > 60 arcmin 2 and extending over 250 degrees in azimuthal range of 47 Tuc. This covers a radial range of 5 − 13.7 arcmin (6.5 − 17.9 pc) within the globular cluster. For 61 orbits, we stared in one field location in the cluster (stare field) obtaining 59 orbits of IR images in F110W and F160W and 2 orbits of UVIS images in F390W and F606W. We then swept out an arc around the cluster's center (swath fields), using 5 orbits in each of our 12 additional fields obtaining F390W, F606W, F110W and F160W images (for a visualization of our observations, see Figure 4 of Kalirai et al. 2011) . The observational logs of the swath and stare fields can be found in Tables 2 & 3 of Kalirai et al. (2011) .
To summarize the data analysis discussed in Kalirai et al. (2011) , we retrieved the WFC3 observations from the MAST archive and re-processed all data into flt images using the latest calibration files. These images were then supersampled and drizzled together, paying careful attention to image registration, sky offsets, and pixel drop size. PSF-fitted photometry and astrometry was performed on the final image stacks in each filter using DAOPHOT II and ALLSTAR. The IR swath data were too undersampled (with a native FWHM= 1.1 − 1.2 pixels) for PSF photometry however, so photometry for each star was obtained from a small aperture radius of 3.5 pixels. The catalogs from all filters, over both the UVIS and IR cameras, were merged together using high order transformations.
3. SELECTING THE SAMPLE In the selection of our sample of WDs, our goal was not to have the largest sample possible with the dataset, but instead to have a set of WDs that cleanly lay on the white dwarf cooling sequence and are free of possible photometric contamination. Therefore, we selected our sample using multiple criteria. Initially, we isolated the WD cooling sequence in the (F390W-F606W, F606W) CMD shown in Figure 1 , selecting WD candidates down to F606W = 25.5.
Our WD cooling sequence was carefully selected to avoid possible contaminates from the main sequence of the SMC in the background. From our inital list, there were 171 WD candidates that also had F110W and F160W measurements. From these 171 candidates, we selected objects that were consistent with being stellar and passed a visual inspection of the images.
To classify an object as stellar, full width half maxima (FWHMs) were measured in all 4 images and compared to the mean stellar FWHM in these same images. To determine the mean stellar FWHM in each image, we measured the FWHM of 20-30 stars that lay on the main sequence between F606W = 19 − 19.5 in the (F390W-F606W, F606W) CMD. We selected the same 20-30 stars for the 4 filters in each field. We removed candidate objects from our list of 171 candidates that differed in their measured FWHM by more than 1 standard deviation from the mean stellar value in the F160W filter. We chose the F160W filter because the resolution of the images are the lowest in our sample and the WDs are thus more likely to be contaminated by nearby neighbors. We are also interested in searching for IR excess in the WD photometry. This may be indicative of a debris disk or a low mass companion (see Section 6.1). While most of the IR excess, if present, will be evident at wavelengths longer than F160W, this program could be able to see hints of the excess in the F160W band which may be followed up in future observations. As such, we are particularly critical of the F160W measurements. The distributions of stellar FWHMs and the final selected WDs are shown in Figure 2 . Independent of our size rejection analysis, we also visually examined the F390W, F606W, F110W, and F160W images for the 171 WD candidates to search for objects that appeared elliptical or whose photometry may have been contaminated by bright neighboring stars, diffraction spikes, remaining cosmic rays, or those found in extremely crowded regions with varying background. If the candidate object was contaminated in any of the four filters, it was rejected from our list.
We found in these two search methods that all of our visually rejected objects were also rejected using our FWHM technique. For a few objects, we were unable to measure a reliable FWHM in F160W, so we accepted these objects into our final list if their FWHMs were stellar in the three additional bands and they did not appear contaminated on the images. Our final selection consists of 59 WDs listed in Table 2 with their field location, R.A. and Decl. (in J2000 epoch), their F390W, F606W, F110W, and F160W photometric measurements and uncertainties in VEGAMAGS, and the effective temperatures that we fit in this study. In Figure 3 , we show the F390W, F606W, F110W, and F160W images for our sample WDs. Two of these WDs were found near the edge of their F390W and F606W images. For these two Table 2 .
filters, there were only two exposures combined to produce the final image and thus some cosmic rays were not removed due to the offset between the two exposures. This is evident in Fig. 3 for WDs 23 and 52 but does not affect our photometry in these bands obtained with PSF fitting.
SPECTRAL ENERGY DISTRIBUTIONS 4.1. Model Conversion to our Photometric System
In order to generate the spectral energy distributions of WDs in 47 Tuc, we have chosen to use the Tremblay et al. (2011) spectral model grids of pure hydrogen atmosphere WDs. These model grids define spectra for objects with surface gravities (log(g)) ranging from 6 − 10 in steps of 0.5 and effective temperatures (T eff ) from 6000 − 120000 K. The spectral grid is defined in steps of 500 K between 6000 − 17000 K, steps of 5000 K between 20000 − 90000 K, and steps of 10000 K between 90000 − 120000 K. We have converted the model grids to our observed Space Telescope magnitudes (STMAG), similar to the procedure of Bergeron et al. (1997) , to obtain a magnitude for each of our observed filters, M STMAG . This enables us to fit the models to our observations via Equation 1,
where F mod is the flux per unit wavelength for the spectral model integrated over the solid angle, S λ is the total system throughput for the filter 12 , and E λ is the standard interstellar extinction curve (Fitzpatrick 1999) with A V / E(B -V) = 3.1, using some input E(B -V). The STMAG zeropoints are defined so that a flat spectrum of 3.63×10 −9 ergs cm −2 s −1Å −1 (F 0 ) through any filter yields a magnitude of zero.
The inclusion of the λ terms in Equation 1 is required because of how the flux is measured on a CCD. The CCD does not know the individual energy of each photon that it receives, only whether or not it has received a photon. For any given energy density, the number of photons received will increase linearly with wavelength. For a relatively flat spectrum, fluxes measured on a CCD through some filter will therefore be more affected by the energy flux at longer wavelengths. This is because this region of the spectrum will necessarily have a higher number of photons per unit energy as the energy of a photon is inversely proportional to its wavelength (E photon = ch/λ).
The factor of (R/d) 2 in Equation 1 scales the model flux, the flux per unit wavelength at the surface of the object, to the observed flux for a star of radius R, at a distance d. Equation 1 can then be rewritten as,
, which is illustrated in Figure 4 , shows that the model magnitude in any given filter is a function of only log(g), T eff , reddening, and d/R. We apply this method to convert the model grid magnitudes to our four filters (F390W, F606W, F110W, and F160W).
Fitting the Model SEDs to the WD Photometry
Using WD cooling models from Fontaine et al. (2001) , we can derive a relationship between surface gravity and effective temperature for a given mass (see Figure 5) . Additionally, for any given mass and log(g), we can calculate the radius from Equation 3.
12 The STMAG zeropoints and throughput values for each filter have been obtained from the Space Telescope Science Institute website (http://www.stsci.edu/hst/wfc3/phot zp lbn, http://www.stsci.edu/hst/wfc3/ins performance/throughputs). Putting the mass dependent T eff -log(g) relation together with Equation 3 means that, of the four parameters, T eff , log(g), mass, and radius, the combination of T eff and any of the other three allows one to calculate the remaining two parameters. Of these four, we have chosen to parametrize our grid over T eff and mass, since previous work allows us to put a reasonable prior on the mass of our objects. This reduces the six parameters that control each WD spectrum (effective temperature, mass, distance, reddening, surface gravity, and the radius of the WD) to four parameters that need to be fit in our procedure. We are therefore able to generate a model SED in these four filters given a mass, effective temperature, reddening, and a distance. The first three parameters control the shape of the SED, while the distance controls the overall scaling. In order to determine temperatures for our WDs and to display both model and WD SEDs, we have first held mass and reddening as constants in our fitting procedure. We have assumed a mass of 0.53 M ⊙ . This follows from the the prediction of Renzini & Fusi Pecci (1988) and Renzini et al. (1996) that the WDs forming today in globular clusters should have a mass of 0.53 ± 0.02 M ⊙ . Further support of our mass selection comes from recent direct spectroscopic measurements from Kalirai et al. (2009) of 0.53 ± 0.01 M ⊙ for the mass of WDs in M4 and 0.53 ± 0.03 M ⊙ for the mass of WDs in NGC 6752 (Moehler et al. 2004) .
We also assume a reddening of 0.04 and then fit the dis- tance modulus and the effective temperature to each individual object. We ignore the individual distance moduli here and include the fitted effective temperatures in Table 2 for our 59 WDs. Figure 6 shows the SEDs for our selected WD sample.
In Section 5, we determine the distance to 47 Tuc using Equation 2 to fit to our WD photometry, however we do so using a maximum likelihood function and marginalise over various parameters.
5. DISTANCE TO 47 TUC To determine the distance to 47 Tuc, we will use white dwarf spectral models in order to predict an expected absolute magnitude for our sample WDs in our 4 filters, similarly to our technique in Section 4. However in this section, we fit the distance modulus to 47 Tuc by com- paring the expected absolute magnitude to the measured apparent magnitudes of the WDs using a maximum likelihood analysis that uses all 59 WDs to determine one final distance to the cluster. Unlike in Section 4, we do not assume a single value for reddening and WD mass in the determination below, rather we marginalise over each of these parameters with the inclusion of Gaussian priors.
Maximum Likelihood Function
Our procedure begins by calculating the likelihood function of our 59 WDs, termed L j where j runs from 1 − 59, over our four parameters of T eff , reddening, mass, and distance which is simply converted to a true distance modulus, (m -M) o . This is shown in Equation 4
The photometric data for each WD (termed data i ) are the measured magnitudes in our 4 filters, mod i are the magnitudes calculated from the model described in Equation 2 from Section 4, and σ i are the uncertainties for each point. After a likelihood for each white dwarf is calculated using Equation 4, we use Bayes' Theorem as well as a Gaussian prior on the mass with a mean of 0.53 M ⊙ and a standard deviation of 0.02 M ⊙ , and a uniform prior on the temperature, to calculate the likelihood of the model parameters (m -M) o and E(B-V) for each individual object, given the data. This step is described in Equation 5
We then combine the distance modulus-reddening likelihood of all 59 WDs described in Equation 6
and marginalise over the reddening parameter with a Gaussian prior with a mean of 0.04 and a σ = 0.02. From this, we obtain the distribution function for the cluster as a whole, described in Equation 7 and shown in Figure 7 . -The combined distribution function of distance modulus for the sample of 59 WDs. The peak of the distribution at 13.36 is the unreddened distance modulus value we quote for 47 Tuc along with its statistical uncertainty of 0.02.
Our best fit unreddened distance modulus using these priors on mass and reddening is 13.36 ± 0.02.
Additionally, we consider how our distance estimate depends on our assumptions about the mass and reddening. To do this, we can consider our original four parameter likelihood grid for each of our 59 white dwarfs. After marginalising out the effective temperature for each WD individually and combining the likelihood of all 59 WDs in Eqn. 6, we are left with the likelihood values on a grid over reddening, mass, and distance modulus. For each combination of reddening and mass on the grid, there is a corresponding one-dimensional distance modulus likelihood distribution. The most likely distance modulus can then be found for each mass and reddening pair. The result is a surface of most likely distance modulus values that is well approximately by a plane, described as
where the mass is in solar masses. This approximation to our likelihood grid is accurate to 0.003 mag and is valid only within the ranges of mass (0.50 − 0.56 M ⊙ ) and reddening (0 − 0.08).
Fitting the SEDs with DB Atmosphere Models
Here we test the assumption that the WDs in our sample are DA atmosphere WDs by fitting our sample of 59 WDs instead with DB atmosphere models . The SEDs fit with the DB models return temperatures that are on average 2200 K cooler than the fits with the DA models. These cooler temperatures result in objects that are fainter and thus our true distance modulus is closer at a value of 12.90. If we compare the likelihoods of these fits, 53 of our 59 WDs have a higher likelihood value for our best fit DA model, with 48 being better by a factor of 10 or more and 22 being better by a factor of 10 4 or more. The 6 remaining WDs that were fit better by a DB model have an average likelihood that is better by a factor of 2. Additionally, the standard deviation of the differences between the best fit model and all 59 WDs is 0.11 mag for the DA models and 0.18 mag for the DB models.
In the field population of WDs, Tremblay & Bergeron (2008) found the ratio of DB to DA to be approximately 25% in the temperature range of our WD sample. We test the effect on the determined distance modulus if 25% of our sample were instead DB WDs, by randomly fitting 25% of our WDs by DB models and the rest with DA models. Under these conditions, the distance modulus is 13.32 with a random uncertainty of 0.06, easily encompassing our distance modulus assuming all DA WDs.
Error Analysis
The statistical error of 0.02 that is quoted from our maximum likelihood analysis in Section 5.1 are 1σ upper and lower errors for the distance modulus calculated directly from the summed likelihood distribution in Fig. 7 . The systematic errors were determined entirely from the uncertainties in our photometric calibration taken from Kalirai et al. (2011) . We generate 10 synthetic WD SEDs from the models of Tremblay et al. (2011) evenly spaced between 8000 − 32000 K, spanning the range of effective temperature of our WD sample. We performed the same likelihood analysis as in Section 5.1 using the uncertainties in the photometric calibration as the errors on each magnitude. For each of the 10 WDs, we extract a distance modulus from their likelihood distributions along with the width of the distribution as the error. The widths of the likelihood distributions must be due solely to our photometric calibration uncertainties, as these synthetic objects come directly from the model grids. Figure 8 shows the systematic errors as a function of effective temperature for the synthetic WDs fit with a cubic spline function. For each of our 59 WDs, we used the effective temperature to obtain the systematic error on its determined distance modulus from the spline fit in Fig. 8 .For the final calibration error on the distance modulus of 47 Tuc, we quote the mean systematic error of the 59 WDs.
Using this technique, we have determined the true distance modulus to 47 Tuc to be 13.36 ± 0.02(random)±0.06(systematic) corresponding to a distance of 4.70 ± 0.04(random)±0.13(systematic) kpc. An unknown fraction of DB objects in our sample will systematically change this result, giving us a smaller distance modulus, and wider error bars as the fraction increases. The closer distance results from the fact that DB white dwarfs of roughly the same SED shape are brighter than DAs, meaning we would have to fit them closer in order to match the observed magnitudes. The wider error bars result from the fact that DB models almost universally fit our objects worse than DA models. Additionally, we don't know which objects are DBs, and so this causes a systematic error that needs to be addressed by iterating our fitting routine while randomly assigning some fraction of our objects to be fit as DBs rather than DAs each time. The fit distance modulus and errors both change roughly linearly with DB fraction, as shown in Figure 9 . At 0% DBs we have the quoted fit values, at 25% DBs we have 13.32 ± 0.06 ± 0.06.
We have tried a number of variations in order to assess how the distance modulus changes by varying some of our input assumptions. The white dwarfs forming in globular clusters today should have masses between 0.51−0.55 M ⊙ (Renzini & Fusi Pecci 1988; Renzini et al. 1996) . As discussed in Section 5.1, we have used a Gaussian prior on the mass with a mean of 0.53 M ⊙ and a σ = 0.02 in our distance determination. Based on Eqn 8, if we instead assume a WD mass of 0.50 M ⊙ and 0.56 M ⊙ , our unreddened distance moduli becomes 13.45 and 13.30, respectively. The reddening towards 47 Tuc has estimates ranging between E(B -V) = 0.024 (Gratton et al. 2003) and E(B -V) = 0.055 (Gratton et al. 1997) in the literature. If we fix the reddening values to E(B -V) = 0.024 and E(B -V) = 0.055, we obtain unreddened distance moduli of 13.33 and 13.41, respectively. Despite various changes to our initial assumptions, these are all consistent with our distance modulus of 13.36 given the random uncertainties of 0.02 on each distance and the systematic uncertainty of 0.06 quoted above. We show in Figure 10 how the distance modulus changes as a function of reddening taken at different WD masses, all spanning the ranges in the literature. Again, we find all reasonable assumptions of the initial parameters to be consistent within our quoted uncertainties.
As a summary, we show the previous distance determinations to 47 Tuc in Table 1 including the distance determined here in Figure 11 . These values have been dereddened, where appropriate, using E(B -V) = 0.04 and A V / E(B -V) = 3.1. We find the mean of these measurements to be < (m -M) o >= 13.30 with a standard error of the mean of 0.03 and a standard deviation of 0.13.
6. DISCUSSION 6.1. A Search for Infrared Excess Our dataset also provides us the opportunity to search for evidence of extrasolar planetary systems. A previous search for planets in the core of 47 Tuc was performed by Gilliland et al. (2000) using a time-series analysis over 8.3 days searching for close in Jupiter-sized planets around ∼ 34000 main sequence stars. They concluded that no light curve in their sample strongly suggested the presence of a planet, indicating that the planet frequency in 47 Tuc may be an order of magnitude less than in our solar neighborhood. This may be expected in the dense stellar environment of the core of 47 Tuc which could lead to orbit disruption and/or hinder planet survival. In addition, the planet-metallicity correlation indicates that the frequency of planets increases with the host star's metallicity (e.g. Fischer & Valenti 2005) , making it even less likely to find a planet around a star with subsolar metallicities in 47 Tuc. Our dataset enables us to instead search for evidence of extrasolar planetary systems with the SEDs of our selected WDs. WDs have essentially metalfree atmospheres (Paquette et al. 1986; Zuckerman et al. 2003 ) and low luminosities, allowing for the detection of cool low mass counterparts, such as debris or circumstellar disks, as well as planets or brown dwarfs (Probst 1983; Zuckerman & Becklin 1987a; Farihi et al. 2005; Burleigh et al. 2006) . One form of evidence for the existence of these features is the presence of IR excess (Zuckerman & Becklin 1987b; Graham et al. 1990; Kilic et al. 2006; von Hippel et al. 2007; Farihi et al. 2008, among others) . The likelihood of a WD having an IR excess is correlated with its T eff and/or presence of photospheric metals (Farihi et al. 2009 ), the most well studied of which is calcium. The pollution of hydrogen-rich photospheres of WDs with metals could be caused by circumstellar accretion. If a planetesimal or asteroid is tidally disrupted, a circumstellar dust disk could arise (Jura 2003 (Jura , 2008 and likely pollute the WD's atmosphere with detectable metals.
With no prior information about the calcium abundance of the WDs in our study, we examine their T eff . Of our 59 WDs, all but 3 have fitted T eff > 10000 K, with the remaining three having T eff = 9684 ± 1041 K, T eff = 9804 ± 921 K, and 9924 ± 841 K. We can estimate how many cases of IR excess we expect to see in our sample using upper and lower bounds provided by various studies in the literature. Recent work by Zuckerman et al. (2010) show that ∼ 30% of the photospheres of white dwarfs with T eff between 13500 − 19500 K show evidence for being polluted with metals. In the same temperature range, approximately 20% of DA WDs with metal bearing photospheres also show evidence for warm circumstellar material (Kilic et al. 2008 ). This indicates a fraction of dusty WDs to be 6%, which we take as an upper limit. A lower limit to the fraction of warm DA WDs with dusty disks is ∼ 1% (Farihi et al. 2009 ), obtained from recent large WD surveys (Liebert et al. 2005; Koester et al. 2005; Farihi et al. 2005; Hoard et al. 2007; McCook & Sion 1999) . From our 171 (59) WDs, we therefore expect between ∼ 2 − 10 (∼ 0 − 4) WDs to have IR excess. However, our reddest photometric measurement is F160W, a wide-H band filter with a central wavelength of 1536.9 nm. This is just where the spectral energy distribution of a typical warm WD would begin to show evidence for an IR excess given a companion or disk with T eff ∼ 800 K. In addition, we must also consider our photometric uncertainties. It thus seems unlikely that we would find clear evidence for an IR excess in our best sample of WDs. However, if we do find indication for IR-excess in the H band, it could be confirmed with additional observations in redder filters.
We have searched the SEDs in Figure 6 of all our WD candidates for evidence of an IR excess, focusing on the examination of the F160W band. Any evidence that we found for an enhanced F160W measurement appeared to be due to contamination by neighboring stars, diffraction spikes, or cosmic rays. In addition, for each filter, we plot the observed magnitude minus the expected model magnitude as a function of effective temperature for each of our 59 WDs, shown in Figure 12 . The few outlying points in the F160W filter at lower temperature are objects that are too faint compared to the models, driven by large photometric uncertainties. If IR excess is present, we would expect to see points with negative values on the y-axis. Figure 12 indicates that in the F160W band, our WDs are at most in excess of 0.2 magnitudes compared to the model. We question whether this could indicate a cool brown dwarf companion or debris disk. Using the evolutionary models for cool brown dwarfs and exosolar giant planets of Baraffe et al. (2003) , we combine a typical WD in our sample with the contribution from a 10 Gyr dust free cool brown dwarf. Here, we convert the model IR data from the CIT system to that of 2MASS using the transformations of Carpenter (2001) , as 2MASS is a nearly identical photometric system to that in WFC3 and provides the closest comparison possible. In Figure 13 , we show that for masses of a companion below 0.06 M ⊙ (∼ 60 M J ), we would be unable to detect it. (2003) models. Here, we have converted the model magnitudes to that of 2MASS using the transformations in Carpenter (2001) . In order for us to detect a cool brown dwarf companion from our sample, the companion must be at least 0.06 M ⊙ , which is an excess of 0.23 magnitudes in the F160W filter. A color version of this figure is available in the electronic version.
However, a cool brown dwarf with 0.06 M ⊙ , may be detectable, as this leads to a difference in magnitude in the F160W band of > 0.23 magnitudes. Examining Figure 12 , it is clear that none of our 59 WDs have F160W in excess of 0.2 from the models. We conclude that we do not find any case in our sample that shows strong evidence for a genuine IR excess. Our search for planets in 47 Tuc continues, however, with this cycle 17 dataset. We have time series data of two fields outside the core of 47 Tuc, one is the stare field described in Section 2 consisting of F110W and F160W observations over ∼ 20 days with 10000 stars, and the other field has ACS images in F606W and F814W filters spanning ∼ 9 months with 20000 stars. Our analysis, currently underway, will be able to put a constraint on the binary frequency within 47 Tuc and search for exoplanets by analysis of the stellar light curves (Woodley et al. 2012) . Not only will we examine the light curve of main sequence stars down to ∼ 0.2 M ⊙ , but we will also be able to search for planets around the brighter WD population. A small radius ratio between the WDs and giant gas planets will significantly aid in our planetary search.
Summary
With this new HST dataset of the Galactic globular cluster 47 Tuc, we have examined the SEDs of a sample of 59 WDs that are devoid of pho-tometric contamination by neighboring stars or image defects. From this sample of SEDs, we have applied a novel approach to simultaneously estimate the distance of 47 Tuc from the comparison of theoretical model WD atmospheres (Tremblay et al. 2011) . We obtain a true distance modulus of 13.36 ± 0.02(random)±0.06(systematic) corresponding to a distance of 4.70 ± 0.04(random)±0.13(systematic) kpc.
We thank our referee who provided a very careful, comprehensive, and thoughtful report. We extend our thanks to Dr. Zoccali for providing us with local white dwarf photometry. Support for the program GO-11677 was provided by NASA through a grant from the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA contract NAS 5-26555. This work is supported in part by the NSERC Canada and by the Fund FQRNT (Québec) 
